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The effect of eversion and conventional-patch
technique in carotid surgery on postoperative
hypertension
Serdar Demirel, MD,a Hans Bruijnen, MD,b Nicolas Attigah, MD,a Maani Hakimi, MD,a and
Dittmar Böckler, PhD,a Heidelberg and Munich, Germany
Objective: Postcarotid endarterectomy hypertension (HTN) is associated with neurological and cardiac complications.
The purpose of this study was to assess the influence of eversion carotid endarterectomy (E-CEA) and conventional
carotid endarterectomy (C-CEA) on postoperative blood pressure in the first 4 days after surgery.
Methods: Two hundred seventy-six consecutive CEAs that were performed between February 2008 and September 2009
were reviewed retrospectively with a computerized registry. After exclusion of patients with severe stroke (modified
Rankin Scale of 3-5), prior contralateral and ipsilateral carotid surgery and more than 70% stenosis of the contralateral
carotid artery, 201 cases remained (E-CEA group: n  100 vs C-CEA group: n  101) for analysis. Results in terms of
systolic blood pressure, use of intravenous and oral vasodilators, alterations of the existing antihypertensive medications,
and perioperative complications (neck hematoma, myocardial infarction, stroke, and death) were compared.
Results: Groups were similar with regard to age, sex, and cardiovascular risk factors except for a higher incidence of
nicotine use (59% vs 43%; P  .02) in the C-CEA group. Patients in the C-CEA group had a significantly higher
percentage of symptomatic carotid artery stenosis (54% vs 23%, respectively; P < .0001). Despite a lower preoperative
(baseline) mean systolic blood pressure (130 mm Hg vs 135 mm Hg; P  .02) patients in the E-CEA group had a
significantly higher mean systolic blood pressure in the postoperative course up to the day 4 after surgery (134 mm Hg
vs 126 mm Hg; P < .0001) and required more frequent intravenous (28% vs 9.9%; P  .001) and oral vasodilators (54%
vs 27.7%; P  .0002) compared to those in the C-CEA group. Two-thirds (14 of 21  66%) of patients in the E-CEA
group with preoperative high blood pressure (systolic blood pressure >140 mm Hg and diastolic pressure >90 mm Hg)
required vasodilators and only one-third (11 of 33  33%) in the C-CEA group (P  .03). Atropine use due to
bradycardia was necessary after 8 cases (8%) in the C-CEA group and only after 1 case (1%) in the E-CEA group (P .03).
Furthermore, the dosage of existing antihypertensive medications was increased and/or additional medications were
prescribed twofold more in the E-CEA group (33% vs 17%; P .009). No statistically significant difference was noted in
the perioperative complication rate.
Conclusion: It is concluded that E-CEA is associated with significantly higher postoperative blood pressure that persists
for at least 4 days after surgery. Patients with inadequate preoperative high blood pressure control are particularly at risk
after E-CEA. (J Vasc Surg 2011;54:80-6.)
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tThe value of carotid endarterectomy (CEA) in patients
with symptomatic and asymptomatic carotid artery stenosis
has been well established.1-5
Conventional carotid endarterectomy (C-CEA), per-
formed through a longitudinal arteriotomy of the inter-
nal carotid artery (ICA), is the most frequently used
technique. Eversion carotid endarterectomy (E-CEA)
was initially reported by Fields et al6 and later described
by Etheredge7 and Kasprzak and Raithel et al.8 This
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80echnique requires an oblique circumferential transec-
ion of the ICA at the carotid bulb, which has the
otential advantage that no patch plasty is necessary.
owever, this operative technique results in the transec-
ion of the longitudinal nerve fibers of the carotid sinus
erve and consequently in the loss of the baroreceptor
eflex.9-12 On the contrary, the dissection and disruption
f the carotid sinus nerve fibers with C-CEA is mini-
ized due to the longitudinal arteriotomy, which com-
only is performed on the anterior surface of the com-
on carotid artery (CCA) and the ICA.
There is evidence that baroreceptor-reflex breakdown
ight lead to postoperative HTN.10,11,13,14 HTN af-
er CEA is a risk factor of cerebral hyperperfusion syn-
rome, postoperative stroke, death, or cardiac complica-
ions.9,11,15-21 Thus, poorly controlled HTN following
EA could increase perioperative morbidity and mortality
nd should be avoided.However, the influence of operative
echnique on postoperative blood pressure has been ex-
lored in only one earlier study.12 A significant limitation of
his earlier study was that patients were routinely dis-
harged on the first postoperative day, so blood pressure
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Volume 54, Number 1 Demirel et al 81determinations beyond the first 24 postoperative hours
were not measured.12
In our study, we compared eversion and conventional
endarterectomy with respect to postoperative blood pres-
sures as well as changes in vasoactive therapy during the first
4 postoperative days.
PATIENTS AND METHODS
Medical records of 245 patients who underwent 276
carotid endarterectomies from February 2008 to Septem-
ber 2009 at the University Hospital of Heidelberg were
evaluated retrospectively, specifically addressing the issue of
perioperative blood pressure and vasoactivemanagement in
patients undergoing CEA by both eversion and conven-
tional techniques.
Medical records were examined for information per-
taining to preoperative, intraoperative, and postoperative
periods. The postoperative period was defined as the time
from the patient’s arrival in the recovery room until dis-
charge from the hospital, which usually was the fifth post-
operative day.
In the literature, several authors determined that neu-
rologic deficit is an independent preoperative risk factor
predictive of HTN after CEA.15,22 Patients with prior
contralateral or ipsilateral carotid surgery might have an
altered baroreflex function due to damage of the carotid
sinus nerve and the longitudinal nerve fibers of the carotid
sinus baroreceptors.12 Additionally, there is evidence that,
compared with healthy controls, patients with carotid ar-
tery stenosis exhibit a significant reduction in the barore-
ceptor sensitivity which also might have a significant impact
on the blood pressure.23 Due to different distribution of
those patients in the entire groups, we therefore excluded
patients who had experienced a severe stroke causing major
disability (modified Rankin Scale of 3-5) as well as patients
with prior contralateral and ipsilateral carotid surgery and
more than 70% stenosis of the contralateral carotid artery.
After exclusion, the resulting series consisted of 201 cases,
100 E-CEAs and 101 C-CEAs.
Baseline blood pressures recorded as three noninvasive
blood pressure measurements of each arm were obtained
on the day of admission. Postendarterectomy blood pres-
sure values were recorded at 1-hour intervals during the
first 6 hours in the recovery room with intra-arterial blood
pressure monitoring, followed by noninvasive blood pres-
sure measurements of each arm three times a day until
discharge. Blood pressure was always measured on both
arms and the higher pressure was used. All the values for the
systolic blood pressure measurements on the day of admis-
sion, postoperatively in the recovery room, and on the ward
were averaged. Values were indicated as a mean.
All preoperative antihypertensive medications and
postoperative alterations in antihypertensive management
were documented.
Postoperative hypertension (HTN) was defined as an
elevation in systolic pressures of 180 mm Hg or a 40%
rise above normal, and postoperative hypotension was de- tned as a fall in systolic pressures of90mmHg or a40%
ecline below normal requiring pharmacologic treatment.
During the postoperative period, HTN was treated
ith either intravenous (recovery room) or oral vasodilators
surgical ward), respectively.
Operative technique. All CEA procedures were done
y an experienced board certified vascular surgeon with the
atient under local anesthesia.
The preferably used technique in asymptomatic pa-
ients was the eversion technique with selective shunting.
n case of symptomatic carotid stenosis with positive find-
ngs in cranial computed tomography scan or recent neu-
ological deficit, as well as in case of asymptomatic stenosis
ith a high ICA plaque in the preoperative duplex scan,
onventional CEA with patching under primary shunting
as carried out.
The eversion CEA technique was performed through
n oblique transection of the ICA from the CCA, endarter-
ctomy by eversion of the ICA, endarterectomy of the
arotid bifurcation and of the external carotid artery, and
eimplantation of the ICA on the CCA.
Conventional CEA was performed through a longitu-
inal arteriotomy from the CCA bifurcation to the ICA on
he anterior surface of the artery. Endarterectomy was
arried out after careful identification of the cleavage plane.
rteriotomy was routinely closed with a prosthetic patch
Finesse Fine, Maquet, NJ).
Statistical analysis. Data were collected retrospec-
ively in an electronic database (Microsoft Excel, Red-
ond, Wash).
The Statsdirect statistical software version 2.7.3 (Stats-
irect Ltd, Altrincham, Cheshire, United Kingdom) was
sed for analyses.
For continuous variables, means and SDs were calcu-
ated. Numeric data were analyzed with unpaired t test or
ith Mann-Whitney U test as appropriate. Univariate test-
ng used Yates corrected 2 and Fisher-Freeman-Halton
xact test for comparison of proportions. For analysis of
ssociation between risk factors and postoperative applica-
ion of intravenous and oral vasodilators, multivariable
ogistic regression was used and measures were expressed as
dds ratios (ORs) with 95% confidence interval (CI).
Two-sided P values were always computed and a differ-
nce was considered statistically significant at P  .05.
ESULTS
Patient demographics, indications for surgery, and
hunting data are listed in Table I. The mean age was 69
ears in the E-CEA group and 68 years in the C-CEA
roup. The gender distribution was similar in both groups
E-CEA: men: 70%; C-CEA: men: 74%, respectively). In
he C-CEA group, there was a significantly higher symp-
omatic stenosis as well as shunting rate (E-CEA: 23% and
%; C-CEA: 54% and 73%, P  .0001). Symptomatic
tenosis was defined as transient ischemic attack or minor
troke (modified Rankin Scale of 0-2). Eighty-eight pa-
ients in the E-CEA group (88%) and 95 patients in the
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July 201182 Demirel et alC-CEA group (95%) had evidence of preoperative HTN
(P  .15).
Seventy-nine patients in the E-CEA group (79%) and
68 patients in the C-CEA group (67%) had normal blood
pressure (systolic blood pressure 140 mm Hg and dia-
stolic pressure 90 mm Hg) on antihypertensive medica-
tion (P  .08). Twenty-one patients in the E-CEA group
(21%) and 33 patients in the C-CEA group (33%) had high
blood pressure (systolic blood pressure 140 mm Hg and
diastolic pressure 90 mm Hg) despite antihypertensive
medication (P  .08). No patient, either in the E-CEA
group or in the C-CEA group, had elevated blood pressure
without any antihypertensive medication.
During the first 6 hours in the recovery room and after
step-down to the surgical ward until discharge, the need of
intravenous and oral vasodilators in the E-CEA group was
significantly higher than in the C-CEA group (Table II). In
the E-CEA group, two-thirds of patients with preoperative
high blood pressure (14 of 21 66%) required vasodilators
and in the C-CEA group only one-third (7 of 33  33%;
Table I. Demographics, indication for surgery, and
shunting data of patients undergoing E-CEA and C-CEA
Patients
E-CEA
(n  100)
C-CEA
(n  101) P value
Male 70 (70%) 74 (73%) NS
Female 30 (30%) 27 (27%) NS
Age (years) 69 68 NS
Symptomatic stenosis 23 (23%) 55 (54%) .0001
Modified Rankin scale
0 13 (57%) 22 (40%)
1 6 (26%) 22 (40%)
2 4 (17%) 11 (20%)
3 0 0
4 0 0
5 0 0
Asymptomatic stenosis 77 (77%) 46 (46%) .0001
HTN 88 (88%) 95 (94%) NS
CAD 43 (43%) 38 (38%) NS
DM 38 (38%) 36 (36%) NS
HLP 84 (84%) 90 (89%) NS
Symptomatic PAD 40 (40%) 42 (42%) NS
Arrhythmia 24 (24%) 17 (17%) NS
Alcohol use 18 (18%) 23 (23%) NS
Nicotine use 43 (43%) 60 (59%) .02
BMI 26.8 26.6 NS
ASA
1 0 (0%) 1 (1%) NS
2 24 (24%) 15 (15%) NS
3 74 (74%) 81 (80%) NS
4 0 (0%) 2 (2%) NS
Stenosis (%) 80% 80% NS
On antihypertensive
medication 83 (83%) 88 (87%) NS
Shunting 7 (7%) 74 (73%) .0001
ASA, American Society of Anesthesiologists; BMI, body mass index; CAD,
coronary artery disease; C-CEA, conventional carotid endarterectomy;DM,
diabetes mellitus; E-CEA, eversion-carotid endarterectomy; HLP, hyperli-
poproteinemia; HTN, hypertension; NS, not significant; PAD, peripheral
artery disease.P  .03; OR,  4, 95% CI, 1.09-15.14). There was no tignificant difference in postoperative administration of
asodilators between patients with (43%) and without
hunting (51%; P  .32). Multiple logistic regression anal-
sis with response variable “acute administration of vasodi-
ators” and predictor variables “shunting and operative
echnique” resulted in a highly significant model for E-
EA as illustrated in Table III.
The dosage of existing antihypertensive medications
uring hospitalization was increased and/or additional an-
ihypertensive medication was prescribed in 33 patients
33%) after E-CEA and 17 patients (17%) after C-CEA
P  .009). The additional prescription was significantly
elevant for beta-blockers, angiotensin-converting enzyme-
nhibitors, and calcium channel blockers (Table IV). No
orrelation could be demonstrated with the incidence of
oronary artery disease, diabetes, dyslipoproteinemia, pe-
ipheral artery disease, arrhythmia, alcohol or nicotine use,
rade of carotid artery stenosis, and the need for postoper-
tive vasodilators for HTN.
Interestingly, the preoperative baseline systolic blood
ressure was significantly lower in the E-CEA group (E-
EA: 130  11.5 mm Hg; C-CEA: 135  14.5 mm Hg;
 .02; 95% CI, 6.67 to 0). However, after the opera-
able II. Incidence of postoperative use of intravenous
nd oral vasodilatorsa
uring 6 hours in the recovery room
-CEA (n  100) 28 (28%)
-CEA (n  101) 10 (9.9%)
value .001
fter admission to surgical ward until discharge on postoperative
ay 4
-CEA (n  100) 54 (54%)
-CEA (n  101) 28 (27.7%)
value .0002
-CEA, Conventional carotid endarterectomy; E-CEA, eversion-carotid
ndarterectomy.
Intravenous and oral vasodilators were used postoperatively if systolic blood
ressure was 180 mm Hg or if it increased 40% above normal.
able III. Multiple logistic regression analysis with
esponse variable “postoperative administration of
asodilators” and predictor variables “shunting and
perative technique” shows a highly significant predictive
alue for E-CEA
arameter Estimate P value OR (95% CI)
onstant 1.5035232 .009
hunt 0.647983 .13 1.91 (0.82-4.46)
perative technique
(E-CEA) 1.357303 .001 3.89 (1.69-8.94)
I, Confidence interval; DF, degrees of freedom; E-CEA, eversion-carotid
ndarterectomy; OR, odds ratio.
earson 2 goodness of fit: 0.005812; df: 1; P value: .939.ion, the patients with eversion technique had a signifi-
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Volume 54, Number 1 Demirel et al 83cantly higher blood pressure in the postoperative course
compared to those operated with the conventional tech-
nique (P .0001; combined SE 1.50). This effect lasted
up to postoperative day 4 (Fig 1).
The mean of systolic blood pressure difference between
preoperative and postoperative values was significantly
higher in the E-CEA group (E-CEA: 4  15 mm Hg;
C-CEA –8  13 mm Hg; 95% CI for difference between
the means, 8.3-16.3; P  .0001; Figs 2 and 3).
In the recovery room, there was a significantly lower
level in mean systolic blood pressure for the C-CEA group
in comparison to the preoperative value (mean systolic
difference 14 mm Hg; Fig 1). However, no patient,
either in the E-CEA group or in the C-CEA group, devel-
oped a persistent hypotension (1 hour) during the post-
operative period. Therefore, administration of vasopressor
agents was not necessary. Due to bradycardia (heart rate
50 beats per minute) an atropine sulfate injection in the
recovery room was necessary eight times in the C-CEA
group and only once in the E-CEA group (P  .03).
There was no statistical difference in the perioperative
complication rate in both groups. In the E-CEA group, 6
patients (6%) developed a hematoma at the incision site, 1
patient (1%) developedmyocardial infarction, and 1 patient
Table IV. Preoperative and postoperative number of patie
groups of antihypertensive agents in comparison of E-CEA
Diuretic -blocker
E-CEA C-CEA E-CEA C-C
Pre-op no. (%) 49 (49) 44 (44) 63 (62) 47 (
Post-op at discharge no. (%) 52 (52) 47 (47) 69 (68) 51 (
P value NS NS .03 N
ACE, Angiotensin-converting enzyme; AT, angiotensin receptor blocker;
E-CEA, eversion-carotid endarterectomy; NS, not significant; Post-op, posto
Fig 1. Mean preoperative and postoperative systolic blo
days 1 to 4 in both groups (mean  1 SD). C-CEA, Co
endarterectomy.(1%) had a postoperative stroke. In group II, 5 patients s5%) developed a hematoma at the incision site and 2
atients (2%) had a postoperative stroke. None of the
omplications was attributed to postprocedural blood pres-
ure alterations and there was no procedure-related mortal-
ty in either group (Table V).
ISCUSSION
Our data demonstrate that HTN in the course of
ostoperative days 1 to 4 is more frequently observed after
he eversion technique of CEA. Thus, the theory that
estruction of the baroreceptor apparatus results in post-
perative HTN as described by several other re-
orts8,10,11,13,14 is supported by our results.
In the Cochrane Collaboration systematic review of
ao et al,24 the authors concluded that so far there is not
nough evidence to demonstrate the benefits or disadvan-
ages of eversion CEA concerning the outcome measures
troke and death, carotid restenosis/occlusion, and local
omplications. Thus, the ideal surgical technique to opti-
ize early outcome and long-term durability of CEA has
et to be determined. The current evidence shows that until
urther data are available, the choice of the CEA technique
epends on the experience and familiarity of the individual
n antihypertensive medication with regard to specific
-CEA
ACE inhibitor AT-blocker CCB
E-CEA C-CEA E-CEA C-CEA E-CEA C-CEA
50 (50) 49 (49) 23 (23) 20 (20) 30 (30) 29 (29)
57 (56) 54 (54) 24 (24) 19 (19) 43 (43) 36 (36)
.02 NS NS NS .0002 .02
calcium channel blockers; C-CEA, conventional carotid endarterectomy;
ve; Pre-op, preoperative.
essures (SBP) in the recovery room and at postoperative
ional carotid endarterectomy; E-CEA, eversion-carotidnts o
vs C
EA
47)
51)
Sod pr
nventurgeon.
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ter CEA is a well-recognized phenomenon.15,19 HTN is
noted in 11% to 56% of patients.9,11,17,25 Ahn et al22
concluded that postcarotid endarterectomy HTN is associ-
ated with elevated cranial norepinephrine levels, suggestive
Fig 2. Mean of systolic blood pressure (SBP) difference
(mean  1 SD). C-CEA, Conventional carotid endarter
Fig 3. Box and whisker plots displaying postoperative change in
systolic blood pressure (BP) in comparison of eversion carotid
endarterectomy (E-CEA) and conventional carotid endarterec-
tomy (C-CEA).
Table V. Perioperative complications after E-CEA and
C-CEA
Complications
E-CEA
(n  100)
C-CEA
(n  101)
P
value
Neck hematoma at incision site 6 (6%) 5 (5%) NS
Myocardial infarction 1 (1%) 0 NS
Stroke 1 (1%) 2 (2%) NS
Death 0 0 NS
C-CEA, Conventional carotid endarterectomy; E-CEA, eversion-carotid
endarterectomy; NS, not significant.of a central nervous system sympathomimetic mechanism ss a result of reflex inhibition of the vasomotor center,
hich is probably linked to baroreceptor-reflex breakdown.
TN after CEAmay result in prolonged hospital admission
r, more seriously, may be associated with neurological and
ardiac complications.9,11,15-21
In the present study, none of the patients with postop-
rative HTN requiring pharmacologic treatment had a
eurological or cardiac complication.
So far, only one study evaluated technique-related
lood pressure effects, Mehta et al.12 They retrospectively
ompared the incidence of postoperative HTN in E-CEA
nd C-CEA patients. Their study showed that patients who
nderwent E-CEA had a significantly (P .005) increased
ostoperative blood pressure and required more frequent
ntravenous antihypertensive medication (24%), compared
ith patients having a C-CEA (6%). However, data for only
he initial 24 postoperative hours were available. The lon-
er period of postoperative monitoring in our study allows
more complete assessment of the technique-related blood
ressure effects, necessary medication changes, and poten-
ial associated complications.
The sustained increase in blood pressure in the imme-
iate postoperative period after eversion endarterectomy
eturned toward preoperative levels by the day 4 after
urgery. In correlation to our observation, Scher et al26
emonstrated in animal experiments that carotid barore-
eptor denervation results in an initial rise in mean blood
ressure which recovers within a week after denervation.
McKevitt et al25 compared the effect of both C-CEA
nd carotid artery stenting (CAS) on blood pressure within
he first 6 months after treatment.
In this study, a low incidence of HTN after C-CEA was
oted (11.4%). However, the authors noted a much higher
ncidence of hypotension (75%) especially in the first 24
ostoperative hours.25 Interestingly, the surgical group’s
lood pressure returned to baseline, but there was a sus-
ained fall in blood pressure in the CAS group (mean
en preoperative and postoperative values in both groups
y; E-CEA, eversion-carotid endarterectomy.betweystolic difference: CEA [0.8 mmHg]/CAS [22.6 mm
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population. However, postprocedural hypotension has
been associated with an increased incidence of complica-
tions, poor long-term prognosis, and death.27,28 Corre-
sponding to the observation of McKevitt et al,25 in our
study, there was a significant fall in systolic blood pressure
from the baseline for the C-CEA group (14 mmHg; P
.0001) during the first 6 hours after surgery. In addition, 8
patients (8%) in the C-CEA group and only 1 patient (1%)
in the E-CEA group received atropine due to bradycardia.
This is most likely attributed to postoperative increased
baroreceptor activity after C-CEA.27 The pathophysiolog-
ical explanation of this phenomenon is that removal of the
atherosclerotic plaque may reduce pressure wave dampen-
ing, thus increasing baroreceptor stimulation due to in-
creased vessel compliance after plaque removal.10 With
longitudinal arteriotomy on the anterior surface of the
ICA, transection of the carotid sinus fibers and conse-
quently the loss of baroreceptor reflex in C-CEA is pre-
vented.12
Lehv et al9 reported that the most important factor in
prediction of the risk of postoperative HTN was the preop-
erative neurological examination. In that study, among
patients who had an alteration in the level of consciousness
or other neurological deficits at the time of operation,
postoperative elevation of blood pressure developed in 68%
vs 28% in the neurologically intact patients (P  .046).
Also, other authors determined that neurologic deficit is an
independent preoperative risk factor predictive of HTN
after CEA.15,22 This evidence supports our results, because
in spite of the significantly higher portion of symptomatic
patients in the C-CEA group (54% vs 23%; P  .0001),
mean systolic blood pressure in the E-CEA group was
significantly higher (P  .0001). However, even though
the overall postoperative systolic blood pressures were sta-
tistically higher in the eversion group, at least 27.7% of
patients in the C-CEA group also required administration
of vasodilators due to HTN postoperatively (Table II). The
high proportion of symptomatic patients in the C-CEA
group would explain this observation, as described above.
There was no correlation with demographic variables,
grade of carotid artery stenosis, and the need for postoper-
ative intravenous and oral medications for HTN. Patients
with inadequate preoperative blood pressure control (sys-
tolic blood pressure 140 mm Hg and diastolic pressure
90 mmHg) in the E-CEA group were particularly at risk
(P  .03, OR, 4, 95% CI, 1.09-15.14).
Frequency of vasodilator application was not different
between patients with (43%) and without shunting (51%;
P  .32). According to the multiple logistic regression
analysis, the eversion technique represents a highly signifi-
cant predictive factor for post-CEA HTN. In our patient
groups, subclinical ischemia during CEA without shunting
did not influence post-CEA-blood pressure.
Besides the retrospective character, the limitation of
this study is the reduced reliability of single blood pressure
values by factors, such as the “white coat effect,” time of
measurement, and interobserver variability.29Confirmation of our findings will require prospective
tudies with strict blood pressure measurement protocols
nd perhaps longer-term automated ambulatory measure-
ents.
ONCLUSIONS
However, our results show that E-CEA is associated
ith significantly higher postoperative blood pressures that
ersist for at least 4 days after surgery. Patients with inade-
uate preoperative high blood pressure control after E-
EA are particularly at risk. While in our rather small study
ohorts we were unable to show that this difference in
ostoperative blood pressure was associated with a differ-
nce in the incidence of significant adverse cardiac and
eurologic outcomes, we continue to believe that postop-
rative HTN represents a significant risk for adverse events.
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